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(54) SINTERED TOOL STEEL AND PRODUCTION METHOD THEREFOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a 
sintered tool steel which has a hyperfine grain 
structure, has high strength and excellent wear 
resistance and workability, and is suitable as a 
structural member, or the like, in particular, for 
an extremely small member and an extremely 
,4-x^+4h»*m thin member. 

<-*T.^**ftSOLUTION: The sintered tool steel has an alloy 
component having a composition containing, by 
weight, 0.8 to 2.5% C, 3 to 8% Cr, 1 to 10% Mo, 
1 to 20% W, 1 to 7% V, <15% Co, <\% Si and 
<1% Mn, and in which the W equivalent 
(2Mo+W) simultaneously satisfies 15 to 30%, 
and the balance Fe with inevitable impurities. 
Also, the maximum grain size of carbides in the 
alloy is <0.6 ^im, and the average grain size of 
austenitic crystals is <2.0 |im. 




DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] as a tool, a structural member, etc. this invention excelled 

[ structural member ] in abrasion resistance and workability with high intensity about the 

sintered tool steel which overly has a detailed grain organization, and its manufacture 

approach - the suitable high intensity especially for the minimum and an ultra-thin 

member -- it is overly related with the sintered tool steel of a detailed grain. 

[0002] 

[Description of the Prior Art] The high speed tool steel conventionally represented by 
SKH51 has been widely used as the metallurgy mold for cutting tools, a member for 
antifriction, etc. Moreover, as amelioration by the manufacturing technology, engine- 
performance amelioration of high speed tool steel has adoption of the HIP sintering 
process ******** powder metallurgy method using atomization powder etc. to the 
conventional dissolution ingot making method besides component presentation 
amelioration. On the other hand, the high integration of the semi-conductor represented 
by the latest electronic related field and miniaturization progress, and the abrasion- 
resistant member of high intensity which can respond to processing with a diameter of 
100 micrometers or less for example, by the diameter pin of the minimum etc. as a related 
member has come to be called for. However, the trouble demanded also in sintering high 
speed tool steel that it could not respond to satisfaction in respect of reinforcement and 
toughness appeared in the tool steel by the powder metallurgy method with high 
reinforcement and toughness, for example, sintering carbon tool steel, and a sintered 
alloy tool steel pan from the conventional dissolution material. 
[0003] 

[Problem(s) to be Solved by the Invention] If the factor which should correspond to 
improvement in the abrasion resistance of high speed tool steel, reinforcement, ductility, 
and grindability is seen in metallography, it will be strongly influenced in those 
distributions etc. by the magnitude list of carbide or an oxide particle distributed as 
magnitude, a compound, etc. of the alloy presentation to contain and an austenite crystal 
grain child. Generally, these properties are improved, detailed, when the carbide particle 
distributed to homogeneity is included, and when [, so that crystal grain is small, namely / 
a detailed austenite crystal grain child and ]. However, if it is in the high speed tool steel 
by the conventional powder-metallurgy processing, as for austenite crystal particle 
diameter, carbide particle diameter contains 7-10 micrometers of many 2-4-micrometer 
objects again, and the large improvement in the engine performance beyond this cannot 
be expected. 

[0004] the high intensity which was excellent in abrasion resistance and workability with 
high intensity by the technical problem of this invention being in tool steel with many 
carbide contents, and making martensitic structure and carbide make it detailed sharply 
compared with the conventional material — it is overly in offering the sintered tool steel 
of a detailed grain. Moreover, it is offering the approach of manufacturing this sintered 
tool steel. 
[0005] 

[Means for Solving the Problem] The result studied about the approach of this invention 
person etc. paying his attention about austenite crystal particle diameter and carbide 
particle diameter, and making these particle diameter small, The big and rough carbide 



produced in the gap of the dendrite crystallized in rapid solidification atomization powder 
according to a high distorted addition powder metallurgy process Sintering was made 
more possible than the conventional material at low temperature by combining dynamic 
sintering by the powder approach which makes it dissolve to radical underground as 
much as possible whether you are Sumiya, and extinguishes it, and processing under the 
pressure between **. While the deposit carbide particle from a base became detailed, as a 
result of grain growth's being controlled by the carbide particle list by such process, it 
became possible overly to obtain a detailed-ized organization. Thus, various trials were 
performed about the obtained ingredient which overly has a detailed-ized organization. 
Consequently, the carbide maximum particle diameter in an alloy acquired the knowledge 
that the mean particle diameter of 0.6 micrometers or less and an austenite crystal became 
high intensity most about sintered tool steel 2 micrometers or less compared with the 
conventional tool steel. By this knowledge, in this invention, the carbide maximum 
particle diameter in an alloy solved said technical problem, when the mean particle 
diameter of 0.6 micrometers or less and an austenite crystal offered sintered tool steel 2.0 
micrometers or less. 

[0006] Although the chemical entity of the sintered tool steel of invention of claim 1 may 
be the same as that of the conventional tool steel, i.e., carbon tool steel, alloy tool steel, 
high speed tool steel, etc., more preferably An alloy content for Cr Mo 3 to 8% 0.8 to 
2.5% by weight % 1 - 10%, [ C ] It is desirable to consider as the sintered tool steel which 
W Eq (2 Mo+W) is 15 - 30% while Co is contained for V and Mn is contained for Si 1% 
or less 1% or less 15% or less 1 to 7% 1 to 20%, and considered W as the presentation 
from which the remainder consists of Fe and an unescapable impurity (claim 2). 
[0007] While carbon constituted double carbide, such as Fe, Mo, W, and V, in the 
component which this invention sintered alloy constitutes, there was an operation which 
dissolves in a matrix with dissolution of the carbide by hardening heating, and raises a 
degree of hardness, but since sufficient hardness was not obtained when a content was 
less than 0.8%, it considered as 0.8% or more of content. This was made into the upper 
limit in order to make the carbide in an alloy make it big and rough on the other hand, 
when a carbon content exceeds 2.5%. 

[0008] Since hot-working nature will be degraded and the retained austenite at the time of 
hardening will increase remarkably again if it exceeds 8%, although it is required 3% or 
more in order to reinforce annealing-proof nature, while dissolving the whole quantity on 
a base and giving self-hardening with hardening, although carbide is mainly constituted, 
Cr may be 3 - 8%. 

[0009] It is effective as an element which improves thermal resistance, and they are all 
1% or more as a content of Mo and W, and are required of W Eq (2 Mo+W) while both 
Mo and W constitute carbide, give abrasion resistance, dissolve in part on a base on the 
occasion of hardening and raise reinforcement and hardness. [ 15% or more of] Since the 
amount of carbide increases and toughness was remarkably reduced when Mo 10% and 
W20% were exceeded on the other hand and it exceeded 30% by W Eq (2 Mo+W), this 
was made into the upper limit. 

[0010] Although V is effective in detailed-izing of austenite crystal grain and required of 
a dispersion effect 1% or more as a content while it raises abrasion resistance as hard MC 
carbide, if it exceeded 7%, in order that it might make MC carbide make it big and rough 
remarkably and might worsen grindability, it could be 7% or less. 



[001 1] Mostly, the whole quantity dissolved on the base, and although Co was effective 
in promoting carbide dissolution of W, Mo, etc. and raising high temperature strength in 
the case of hardening, when it exceeded 15%, since the addition effectiveness served as 
cost quantity few, it made it 1 5% or less. Si and Mn are mainly used as a deoxidizer and a 
content is made into 1% or less. 

[0012] The fewer possible one of the oxide of Si02, Cr03, aluminum 203, and Y203 
grade is good. However, since these oxides do not dissolve on a base with hardening 
heating, the pinning effectiveness which controls the grain growth by heating is expected. 
Then, it was made to make 0.1-1% contain the oxide whose mean particle diameter is 1- 
lOOnm as a configuration phase of sintered tool steel by one sort or two sorts or more, 
and weight % in invention according to claim 3. Since toughness was remarkably 
degraded when the magnitude of an oxide exceeded lOOnm or more or the amount 
exceeded 1%, lOOnm was made into the upper limit. 

[0013] this high intensity - sintered tool steel of a detailed grain is made like next; and is 
overly obtained. In invention according to claim 4 C by weight % Namely. 0.8 - 2.5%. 
For WV 1 to 20% 1 to 10% 3 to 8% 1 - 7%. [ Cr ] [ Mo ] While Co is contained and Mn 
is contained for Si 1% or less 1% or less 15% or less, W Eq (2 Mo+W) is 15 - 30%. Alter 
obtaining the end of rapidly solidified powder by the gas atomizing method or the water 
atomizing method at the same time it dissolves the alloy which has the presentation 
which consists of Remainder Fe and an unescapable impurity with a RF fusion furnace, 
Classify said coagulation powder in 75 micrometers or less with panicle diameter, 
perform strong processing with a ball mill etc.. and high distorted addition milling 
powder is manufactured. It is filled up with said milling powder into a steel container. At 
400-600 degrees C Subsequently, after a vacuum deairing, By offering rolling at 70 - 
90% of rolling reduction, or the manufacture approach of the sintered tool steel which 
performs extrusion in extrusion ratios 4-10, and carries out shaping sintering at the same 
time it heats at 800-1 000 degrees C The mean particle diameter of 0.6 micrometers or 
less and an austenite crystal was able to obtain [ the carbide maximum particle diameter 
in an alloy ] the sintered alloy 2 micrometers or less. 

[0014] The manufacture approach of a sintered alloy of overly having a detailed grain 
organization performs the high distorted addition process (mechanical milling) of 50 - 
200 hours for what was classified in 75 micrometers or less with particle diameter with 
the screen out of the powder by which rapid solidification was carried out by the gas 
atomizing method or the water atomizing method with high energy mold ball mills, such 
as a churning mold, a planet mold, and an oscillatory type ball mill. In this case, since 
powder particle diameter is too large, or processing is not performed even in the powder 
center section but big and rough carbide remains after shaping sintering if the processing 
time is short, it has bad effect on a mechanical property. Moreover, since effective energy 
cannot be given even if the processing time exceeds 200 hours, 200 or less hours is 
desirable. 

[0015] Moreover, one sort or the mixture included two or more sorts may be used for the 
oxide from which Si02, Cr03, aluminum 203, and Y203 grade are added if needed, and 
mean particle diameter becomes 0.1 - 1% by l-100nm as a configuration phase at weight 
% with high energy mold ball mills, such as a churning mold, a planet mold, and an 
oscillatory type ball mill, in case the high distorted addition process (mechanical milling) 
of 50 - 200 hours is performed. 



[0016] Next, for powdered shaping sintering, what earned out vacuum enclosure of the 
mechanical processing powder at 400-600 degrees C into the steel container is heated at 
800-1000 degrees C. subsequently hot rolling of 70 - 90% of rolling reduction is 
performed, or hot extrusion of extrusion ratios 4-10 is performed, and shaping sintering is 
carried out. At less than 800 degrees C. if defects, such as an inner crack, may occur and . 
shaping sintering temperature exceeds 1000 degrees C. it will become big and rough [ a 
carbide particle or the particle of an austenite crystal ]. and will have a bad influence on a 
mechanical property. 
[0017] 

[Example] Next, the example and trial results of this invention are described. 
The rapid solidification of the alloy which consists of a component of the example 1 of 
this invention shown in Table 1 is beforehand carried out by gas atomization. (Example 1) 
This powder with a screen A steel capsule is filled up with the powder which the powder 
which classified in 75 micrometers or less with particle diameter is filled [ powder ] up 
into the container made from SKD1 1 with SUJ2 ball and the weight ratio 14.4:1 in Ar 
ambient atmosphere, and may have had quantity distorted addition performed for 200 
hours with a planet ball mill (one sort of a high energy mold ball mill). After tempering 
what extruded the object stopped after the vacuum deairing at 400 degrees C while 
heating at 1000 degrees C, performed hot extrusion in a ratio 9, carried out shaping 
sintering, repeated a wire drawing and annealing further and made the diameter thin to 
0.2mm at 1200 degrees C, Grain size number analysis, the transverse test, the grindability 
trial, and the bending fatigue test were performed about what performed tempering 
processing 560 degree-Cx 1-hour x 3 times. 

[0018] In grain size number analysis, austenite crystal grain and carbide particle size 
corrode the longitudinal section of the above-mentioned test piece after quenching 
treatment with a nitric-acid alcoholic solution 5%, image analysis is performed, and it 
asks for particle diameter with an equivalence circle diameter. In addition, an equivalence 
circle diameter means the diameter of circle at the time of replacing the area of a particle 
cross section as an area of a circle here. For the transverse test, the span 12.7mm three- 
point bending transverse test was carried out for the wire rod with a diameter of 0.2mm 
after the above-mentioned heat treatment. Moreover, the loss-in-quantity ratio of the 
grinding stone after spreading a wire rod with a diameter of 0.2mm with the grinding 
stone of #1200 after the above-mentioned heat treatment and cutting it 8000 compares a 
grindability trial. Moreover, the. repeat bending fatigue life testing machine which gives 
the load of 2 for a wire rod with a diameter of 0.2mm the 140kg [/mm ] above-mentioned 
after [ heat treatment ] maximum stress performs a bending fatigue test. The example of a 
comparison is used as the almost same component as the corresponding example of 
invention, and carries out shaping sintering by the conventional hot isostatic press (HIP) 
(it is below the same). 
[0019] 
[Table 1] 
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[0020] Consequently, the example 1 of this invention improved about 50% in anti-**** 
compared with the conventional powder material of the example 1 of a comparison, and 
improved by 20 or more times in improvement and a bending fatigue life in grindability 
about 80%. Drawing 1 is an electron microscope photograph in which the crystal grain of 
the example (example 1 of invention) of the sintered tool steel of this invention and the 
crystal grain of the conventional example 1 of a comparison are shown, as drawing 1 
shows, austenite crystal grain, the austenite grain boundary, and carbide have the alike 
and small thing of the example 1 of this invention compared with the thing of the 
example 1 of a comparison, and it turns out that the sintered tool steel of this invention is 



overly the sintered tool steel of a detailed grain as compared with the conventional thing. 
[0021] The rapid solidification of the alloy which consists of a component of the example 

2 of this invention shown in Table 1 is beforehand carried out by gas atomization. 
(Example 2) The powder which classified this powder in 75 micrometers or less with 
particle diameter with the screen is filled up into the container made from SKD1 1 with 
SUJ2 ball and the weight ratio 14.4:1 in Ar ambient atmosphere. A planet ball mill (one 
sort of a high energy mold ball mill) performs quantity distorted addition for 200 hours. 
The object which filled up the steel capsule with the obtained powder and was stopped 
after the vacuum deairing at 400 degrees C Extrude at the same time it heats at 1000 
degrees C, perform hot extrusion in a ratio 5, carry out shaping sintering, and a wire 
drawing and annealing are repeated further. After tempering what made the diameter thin 
to 0.2mm at 1200 degrees C, grain size number analysis, the transverse test, the 
grindability trial, and the bending fatigue test were performed by the approach of 
example 1 publication about what performed tempering processing 560 degree-Cx 1-hour 
x 3 times. 

[0022] Consequently, similarly, the example 2 of this invention improved about 50% in 
anti-**** compared with the conventional powder material of the example 2 of a 
comparison, and improved by 28 or more times in improvement and a bending fatigue 
life in grindability about 80% with having mentioned above. 

[0023] The rapid solidification of the alloy which consists of a component of the example 

3 of this invention shown in Table 1 is beforehand carried out by water atomization. 
(Example 3) The powder which classified this powder in 75 micrometers or less with 
particle diameter with the screen is filled up into the container made from SKD1 1 with 
SUJ2 ball and the weight ratio 14.4:1 in Ar ambient atmosphere. While heating the object 
which performed quantity distorted addition for 100 hours with the planet ball mill (one 
sort of a high energy mold ball mill), filled up the steel capsule with the obtained powder, 
and was stopped after the vacuum deairing at 400 degrees C at 800 degrees C, rolling at 
85% of accumulation rolling reduction was performed. Furthermore, a wire drawing and 
annealing were repeated, and after tempering what made the diameter thin to 0.2mm at 
1200 degrees C, grain size number analysis, the transverse test, the grindability trial, and 
the bending fatigue test were performed by the approach of example 1 publication about 
what performed tempering processing 560 degree-Cx 1-hour x 3 times. 

[0024] Consequently, similarly, the example 3 of this invention improved about 50% in 
anti-**** compared with the conventional powder material of the example 3 of a 
comparison, and improved by 6 or more times in improvement and a bending fatigue life 
in grindability about 80% with having mentioned above. 

[0025] The example 4 of this invention carries out the rapid solidification of the alloy 
which consists of a component of the example 3 of this invention shown in Table 1 by 
water atomization beforehand. (Example 4) Add the powder which classified this powder 
in 75 micrometers or less with particle diameter with the screen, and a 1 -micrometer 
commercial SiO dioxide, and the container made from SKD1 1 is filled up with SUJ2 ball 
and the weight ratio 14.4:1 in Ar ambient atmosphere. While heating the object which 
performed quantity distorted addition for 100 hours with the planet ball mill (one sort of a 
high energy mold ball mill), filled up the steel capsule with the obtained powder, and was 
stopped after the vacuum deairing at 400 degrees C at 800 degrees C, rolling at 85% of 
accumulation rolling reduction was performed. Furthermore, a wire drawing and 



annealing were repeated, and after tempering what made the diameter thin to 0.2mm at 
1200 degrees C, grain size number analysis, the transverse test, the grindability trial, and 
the bending fatigue test were performed by the approach of example 1 publication about 
what performed tempering processing 560 degree-Cx 1-hour x 3 times. 
[0026] The example 4 of this invention was compared example of comparison 3, 
improved about 50% in anti-****, and improved by 6 or more times in improvement and 
a bending fatigue life also in grindability about 90%. Moreover, an austenite crystal grain 
pitch diameter is small, and anti-**** and grindability also have it, and the effectiveness 
which added the oxide has shown up. [ higher than the example 3 of this invention ] 
[0027] 

[Effect of the Invention] As stated above, in this invention, in the same component as the 
tool steel which has abrasion resistance, the mean particle diameter of 0.6 micrometers or 
less and an austenite crystal was obtained for the carbide maximum particle diameter by 
sintering, and the sintered tool steel of high intensity was obtained 2 micrometers or less 
by overly considering as a detailed grain organization. This sintered tool steel can be 
especially used as a suitable antifriction high intensity material for the minimum, an 
ultra-thin tool, metal mold, and a structural member 200 micrometers or less. 
[0028] For Cr Mo 3 to 8% 0.8 to 2.5% by weight % 1 - 10%, [ an alloy content ] [ C ] 
While Co is contained for V and Mn is contained for Si 1% or less 1% or less 15% or less 
1 to 7% 1 to 20%, W Eq (2 Mo+W) is 15 - 30%, W was considered as the presentation to 
which the remainder changes from Fe and an unescapable impurity, and while attaining 
detailed-ization of carbide, the engine performance as tool steel was secured. Moreover, 
it enabled it overly to obtain a detailed grain organization easily using the pinning 
effectiveness which controls the grain growth by the oxide. 

[0029] moreover, the conventional methods of construction, such as a high frequency 
fusion furnace, the gas atomizing method or the water atomizing method, a ball mill, a 
vacuum deairing, hot rolling, or hot extrusion, — combining — easy - this high intensity - 
- the manufacture approach of the sintered tool steel of a detailed grain is overly offered, 
and it became useful on industry. 



[Translation done.] 
DRAWINGS 
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Mm&mmmxmizi3^zt>m*2ti&%i8i. mi 50 



wzimizttmz'ZK^t ^tzm&Stfx-x # fc. 
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mztii. -imiz. tsgkm^zwim-hmM** 

TUtt-Xr-M M&fiS : i t «tt7^1 Oum&tzmt 
Ifflfmt 2-4 u mOtt££ft*/,-C*$ 0 . cntu: 

<Djzm&&ft±.imftx-z%\ l \ 

[00043 ximvmmimtmsii&n^jLm 

TrtlBWHHfcStf* i k C J: oTiS^rcit^lStti: 

m.mzsttitzmmmmm.<DmxMm zmm-tz 
ztizb&. ttz, frfrhtmxMMzmmt burnt 
mt&zkx'b&. 

[00053 

0 %mmz x <o . m&frhm&&wm=i- mm t % 
izLx'&btitzmmfflimm&Gt&muz^xm* 

^g*<2^mWT<7)^Xft^{COV^(i. «*OXft 

g^*2 . 0 jm muxfcofmx&m zm$t h ztt,z±<o 

[00063 if^js 1 mm<mmxMM<^t^m 
{s. mnxmmmxm. %&xMm. mm% 



* ? afi%T-C$r0. 8-2. 5%, Cr£3-8%. M 
o5rl-l 0%. W5:l-2 0%. V£l-7%, Co 
$• 1 5 %tlT. S i % 1 MnJl %WT**t 

6fcR«*fcW3J| ( 2Mo+W) *«1 5-3 0%T'J) 

xmtt&ntfmt^ (»*js2) . 
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iooo8]crii ±t LxmmzmfcthtiK m 

AlZk^X%<T){£lL£W&zM%L&W&$: i )-thkt 

t mm. lis* wm-t t 3 %&±mx-*>h m 

[0009] Motwii, mz. mtmmmimmm 
ms-x.. ®.Mzmixmmz-&®mix%i&t®z 
t^zmmmsi^-r t Ttmt ix^m-h*) 

MoRlfWcV^Mt LXU^-ftlh 1 %VlkX'$)r>X 
A>-?WSfi ( 2.M o +W) X'it 1 5%a±.tf£-mX'$> 
b. -JMo 1 0%. W2 0%£iS;c>oW3M ( 2M 
o+W) Y3O»£S£&fc*flat*0«£<*9fltt* 
ZKi&TZlthnX'ZtlZmbUc. 
[ 0 0 1 0 ] vii. SK&MCMktJt LTB»«tt£ 

fclT3»T* 0 . frtTSi: LTti 1 %&±mX'$>&tf7 
XMii*i:MC«ftfli**L<a*fl:**. MEBHHtt 

*fcft7%BlTi: Lit. 
[OOlUColi. l50'£M#ffiJffifc:[lj§LTMAO 

<MZ-%nX'ht>W 1 5 ^^MfcSti^ 
<3^h»k=Sr4fc»l 5mFi:Lfc. Si.Mnli 
±fcKiSHfc LT$ffl$ix-£«(i 1 XWTt 1-6 . 
[0012] S i O2 . CrOs. A 1 2 O3 . Y2 Os^CO 

&XJL|0?)fltl£ffi t LT 1 - 1 0 0 n m<0 

mm *im*tM2 wzi± , nm.%x o . i~i %sr 

*^T5-fr4J:3fcLfc. Kfl3ft*>*& £#1 0 0 nmtt 

$*40>T1 0 0 nm£_L|Ri:Lfc. 
[0013] i^&ffi»l»ittffltt^«t$X^«(i. & 
fcJdfcLTfl&fi*. fin 4 ti3B«o«HH(cfe 
WCte, tt*%T'C£0. 8-2. 5%, Cr£3-8 
X.MoSl-lOX. 1-2 0%. V£l-7 
%, CoJl 5%J^T. S i £ 1 %WT, M n £ 1 
T**-T4fcHI*tCW3ji { 2Mo+W) #1 5-3 0 

%xh 0 . jssbf e by^m^wm^hmm^ 
&&&£-&mmmm&<izx®M-t& tmrnzaxr v~? 

ftfk. mi.m®*m : f-®X'7 SumlZTiZttlRlX 
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#-;U5;^t J: 95$tnX£JSL«MftJin$ V vfWf. 

L4 0 0~6 0 0rtCT*2RSM*, 80 0-10 00 
TJTfllSRfcff 3 iHH*fcffT*7 0-9 0%T'COffii, 

-fi^SAfi^ltfO . 6 // mOTSW-^ft-f hjg 

10 [0014] jsa*NiimffliBi£*-t6«te^<o$!!jt^ffi 

^5;Hfc7)Sx^;l/Jf-S^-;W ot, 5 0- 
2 0 O^HjcDiS^ft-flnro-fcX ( ^^^;l/5 'J V^) 

m^t m*miz & tudx#?t btvr mmrnm 
±%Mfflsi)mt?t& Kfrffl&wmtizm^Kwzm 
?. £t:&mmm i 2oo#fffl&mixij^wj:x-*>i> 
20 *-z5-t&ztim*%\.wx2oommj.Ttfm 

[0015] ttzmtm, mm. mmmx~iuz>um 

(DmX.^)l^-m^-)^S.MzX oT, 50-2006^ 
£>StCj£l;TS i O2. CrOs, A 1 2 O3 s Y2O3 

mzmmfm t ix^m-^ 1 - 1 o o n mx\ 
mm%xo. i~ixfc$r*itftft£ia*fcii2«ja 
±^tiU^mmix^x^\ 
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30 9»^£MS$l}4*{c 4 0 0-600 •CT'KSMA 
iO£8 0 0— 1 0 0 OttlBlS^U, oV^'ffT* 
7 0-9 0X<^RsBIBEE*tf'5*», «v^iff{i5Jt4~l 
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a h&&coft?m±t%vmwmmizm&mm 
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( H«tM 1 ) « 1 1 WtMtfrt&t&k 

KD1 18SS8KSU J2^-;ktlMl 4. 4 : 1 

A^) 1 «) CT 2 0 OBJffSJftMWn^rff 
v^fen*:»*t«R*r-bA'K*«L. 4 0 0*Ctct 
HSKSiatl tfcttfc ,10 0 O'C-C-UdIS^It 0 t^B# 
tff ffi Lit 9 T<096Blif aj&tfo T fi£»^ LHfcfl* 
50 kSBfiSrHOiELeaSrO. 2mm^T«i< LfctW^ 
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MCUttSO. 2mmOUtt«rJbiaftjiaSl*. ^aVI 
2. TmmOSjftfttffitJfttHSrlUfcLJt. *fcttffM 
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0*>Bffifc:Tffi*8 0 0 0*WWLfcflW«PE*>»*Jt 
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[0020] *wi i uttttni <nmm 
■miz&Kffift-h iz a \,vc u 5 o %ssr6i± l . mm 

ttC«V»T«8 OXSlWlk, fttfajWh&tcfe^Ttt 
2 0 fg«±|6l± Lfc . H 1 {i** B J<0^^IftSI<7)||IS 
fl ()HM1) C6*<0Jt«fWl<0lSae 
*5^«^«««9KT'*4. 01T'^-fJ:p{c, 

itWJ 1 <0t><0K:IK*»W< 1 »i*>aWSRfc*3 

OJSISUm-C* 6 i f: . 
[0021 ] ( 2 ) * 1 fcifrrteJWJH 2 

L. Cl<OS}*$-^SV^J:0f4^gr7 5//mtlTC^ 
SL«*JSKD 1 lW9»CSUJ2.-K-/l/tM 
Jtl4. 4 : lfcTAraHSl+fcTfcWU >SM^- 
(iSx^^-a-1f-;l-S;K0 18) fcT 2 0 0 
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mt. 4 0 0TXT*2RSM*S&JfcttS\ i o o o-c 
TUn»£fr 3 k H^CfftB Lit 5 TWSRISHf SiJSrtf ->T 
dU8^LSfctt«i:tt«*l* l JiIU ilgSrO. 2m 
m^T'«J< Lfcfc^)* 1 2 0 0*CT'®A Lfctt, 5 6 0 
•cx lftflBx 3BM0!UGa*lT-9*:b coto^TUtt 

«iea«*ffifc:-cigAa«jiH»fs stffMt wefffJft 

Jftfft. »f«3&IiSitefr->fc. 
[00 2 2] fraL/ctlSIttlc, *^Hfl0i|2 

<iJtW2tO^*^*«Cit^Slt)f^(CfcOT<i5 0% 10 
g£l*]±U «8ffflttfct$^T(i8 0XS«|6i±, m 

mm&tti ^x « 2 8 «tU:iaj± Lfc . 
[0023] (mim3)miz7fi-t*mm3<7)m 

ZcoflttZl.&mzX 5;u mOTfc#«l 

S K D 1 1 flgtSK S U J 2 SSJt 1 

4.4: ltTAr«H»+tT3t«L. jEM^-Zl^ 
;p («x^df-S^-;U5;^ia) tCT 1 OOB$|S] 

Aoo'c^zxmmmmttz'mi. sooxtcjdjb* 20 
0 1 Rmzmmsr* 8 5 %t'coe® o & . mz 

20 0TrC*AU:&. 5 6 0-0X1^x3' 

(crtsjuuonf. «BfB«tK«. mm 

[00 24] **>*S». ff^UctlSISlc. **U!W3 
i±Jt 3 <0£#ffi5fc*f fc Jt^fittfr 7J {3 *J kv£ (i 5 0 % 

gSfo-LU SajfH"Jttfc:*i^Ta8 0?gSKiai±. bW 
«S9»tfr{cti^Tli6fifULh|6l±Lt. 30 
[0025] ( £faM4 ) *$HHW4 « , * 1 Jew** 
fMHW 3 * S £ ^tfwjcr h -e >f X(c i r> 

T®»«@U iOl»**^5VHC«k 9f*ffi2T'7 5// 
mfclTfcaft ipjRO l^m^Si Oiftflft 

5rjD^TSKDl l»g»KSU J2*-/l'4:fiftJtl 
4.4: lfcTArMMl^fcTSWL, 
;W (»x*;^-Sl#-^5/K0ia) let 1 oo&ag 

4 0 0iCfcT*SJKSl»a tfclllfc , 8 0 0°CT«5r 
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««fc«tt*t*DiIU ESSrO. 2mm4TiM< Lfc 
i>£0£ 1 2 OO'CT'giAU:®, 5 6 0°Cx 1 B$0x 3 

izxte&VLmMtf, txmm. mummim. wrmt 

[0026] *%mm4 lamm 3 it^tmniza^x 
{i5o%ggfS]±L. mmmizti\,\xi>9o%ws.fo 
±. mm%miizi$^xii6mj±fo±.itz. ttz, 
*mm 3**)*-ZT-Mh gimymtf'bz < , 

[0027] 

m-m 2 u m^xY^mwmtmt^h z t c«t ->x 
wmmmxMUfinhfitz. ^imxsmt, 

[0028] &&l8.ftimM%TCi:0. 8-2. 5 
%. Cr£3~8%. Mo£l~10%. W?;l-20 
%. V£l-7%. CoJl5%tlT. S i £1%W 
T, M n i 1 fc H^ffcWSi (2Mo + 

W) «U 5-30%T"J>0. 38»36»Fet^»3Ftt«| 

mtixv&mm&it:. tn, wtwmzxi&m 
tMAtnmti mm txmum&mm 

[0029] ttz. ismmBW. #ATb-?4xm& 

®. xiimfflwmcom:<r>xmzm£h-£x®mz 

[01] *»«B^S*SX^»05litM (9KHfl 1 ) 
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